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1．与 GC-EI/MS 法相比，GC-NCI/MS 法检测 NPAHs 具有很低的检测限，
且克服了HPLC方法需要衍生和多次萃取的繁琐，满足大气颗粒物中痕量NPAHs
的检测要求。 
2．大厦门湾所有站点 NPAHs 的季节变化表现为夏季 低，秋季较低，春冬
高的趋势，偏南风对污染物的稀释作用和混合层高度升高对污染物扩散作用的加




的浓度大于白天，原因是夜间 NPAHs 主要来自 PAHs 与 NO3自由基的气相和非
均相反应，大气层结稳定使其在夜间具有一定的累积趋势；而白天 NPAHs 受光
降解的影响。钟鼓山隧道中 NPAHs 含量显著高于城市交通点（海洋楼顶和环岛
干线），其中 1-硝基芘高出约 2 个数量级，在 6 种 NPAHs 中占绝对优势，而城市












































Nitrated polycyclic aromatic hydrocarbons (NPAHs) and organic acids are widely 
distributed in the atmosphere. They are either formed directly from incomplete 
combusion processes of fossil and biomass and/or from gas and heterogeneous phase 
reactions of precursors and atmospheric oxidants. Big Xiamen Bay which is located 
on the southeastern coast of China, to the west of Taiwan Strait, including Xiamen, 
Kinmen, part of Zhangzhou and Quanzhou, is an important econmic engine of 
Western Taiwai Straits Economic Zone. Recently, air pollution has become one of the 
most visible environmental problems in this area. In this study, the analysis methods 
of particulate NPAHs and organic acids were established. Eight sites at Big Xiamen 
Bay were selected to collect PM10 samples in a year. A total of 6 NPAHs (including 
9-NAN, 2+3-NF, 1-NP, 7-NBaA, 6-NBaP) and 12 organic acids (including C2-C10 
dicarboxylic acids, phthalic acid and C16 and C18 monocarboxylic acids) associated 
with PM10 were determined. For the organic acids analysis, only samples from the site 
at the ocean building were used. The results indicated that: 
    1. Comparing with gas chromatography-electron impact/mass spectrometry 
(GC-EI/MS), high performance liguid chromatography-fluorescence detection 
(HPLC-FLD) methods for measuring NPAHs, gas chromatography-negative chemical 
ionization/mass spectrometry (GC-NCI/MS) method had higher selectivity and 
sensitivity. Furthermore, the pre-treatment process of samples before GC-NCI/MS 
analysis was relatively simple. 
2. Significant seasonal variations of PM10-bound NPAHs were found in Big 
Xiamen Bay with higher levels in winter and spring and low levels in summer and 
autumn. The seasonal variations were influenced by wind direction and height of 
atmospheric mixing lay. The concentrartions of NPAHs in traffic area were much 
higher than those in Kinmen mainly due to the strong emission sources (vehicle 
exhaust). Moreover, the NPAHs were mainly formed in the atmosphere via reactions 
of their parent PAHs with NO3 radical at night. The concentrations and profiles of 
NPAHs at the ocean building (very close to a busy road) were significantly different 
from those monitored in the tunnel where primary emission was the main source.  















Ocean Building were found in autumn characterized with a significant biogenic 
source (high fraction of azelaic acid). DCAs concentrations were positively correlated 
with emission intensity (vehicle volume) while negatively correlated with temperature 
and wind speed. The diunual variation of monocarboxylic acids (MCAs) is not 
significant. A typical bimodal distributions were found for DCAs with two peaks in 
the range of 0.56μm-1.0μm and 3.2μm-5.6μm while the two peaks for MCAs is in the 
range of 1.0μm-1.8μm and 3.2μm-5.6μm. The profiles of DCAs at the traffic site was 
different from those for engine exhaust suggesting the significant contribution of 
secondary source (photochemistry reactions). Adipic acid and sebacic acid could 
degrade into lower molecular weight DCAs under the conditions of sunlight. 






















等）和生物质（木柴、秸秆等）的不完全燃烧；并可由 PAHs 和大气中的 OH 自
由基、NO3 自由基、N2O5 或 HNO3 的光化学反应二次生成。NPAHs 在环境中广
泛存在，具有长距离迁移能力[1, 2]，占大气中直接致突变物质致突变贡献率的 50%
以上[3, 4]。2010 年 4 月，美国环保局向有毒物质排放（TRI）清单添加的 16 种化
学物质中就包括 4 种 NPAHs。某些 NPAHs 有特殊的来源，如 1-NP 主要来源于
汽车尾气的一次排放[5]，2-NF 和 2-NP 主要来自于光化学反应生成，对这些分子
标志物的研究，有助于判断一次和二次来源对 NPAHs 的相对贡献。 



































门地区 2002 年空气质量优的天数占全年 40.3%，到 2008 年下降为 33.3%，空气
污染指数从 43 上升到 57，金门地区的空气污染指标（PSI）年平均值由 2002 年
































































图 1.1 研究路线 




















学反应：在 NO2 存在的条件下，气相中母体 PAHs 和 OH 自由基反应（白天）[25-27]
或 NO3 自由基（夜间）反应[25, 28]；气溶胶中母体 PAHs 和 N2O5 [29]或 HNO3[30]反
应生成，其中 N2O5 与颗粒相中的 PAHs 反应较快，其机理是 N2O5 分解成 NO2+
和 NO3-，NO2+作亲电子试剂，这个反应在强酸气溶胶中很重要。由于来源不同，
生成的 NPAHs 的组成和相对含量也不同，因此可用不同 NPAHs 的相对丰度以及
典型特征化合物之间的比值来辨别污染来源。2-NF 可由萤蒽和 OH 或 NO3自由
基两种反应途径生成，而 2-NP 主要由芘和 OH 自由基反应生成，因此，用
2-NF/2-NP 比值可以判定 OH 自由基和 NO3 自由基反应对 NPAHs 形成的贡献大
小[2]。比值在 5-10 之间，表示 OH 反应占主要地位；比值在 100 以上的，表示
NO3 自由基反应占主要地位。白天，NO3 自由基因其易被光降解，在大气中含量
很低，OH 自由基反应对 NPAHs 的形成贡献较大。夜间，由于缺少光照，OH 自
由基含量很低，主要是 NO3 自由基反应[26, 31]。其中，9-NAN 同时具有一次和二
次来源。1-NP，3-NF 来源于机动车尾气的直接排放，1-NP 是柴油机汽车尾气中
的主要 NPAHs[32, 33]。由于 2-NF 主要是气相化学反应生成，因此用 2-NF/1-NP 的
比值来评估直接排放与二次污染的相对贡献，（2-NF/1-NP）<5 指示 NPAHs 主要
来自燃烧源的直接排放，>5 指示气相反应形成机制[2]。 
虽然 NPAHs 在环境中的含量很低（pg·m-3），但占大气中直接致突变物质致
突变贡献率的 50%以上[3, 4]。在 Ames 试验和动物实验中显示具有直接致癌性（不
需 S9 酶催化）和很强的 EROD（ethoxyresorufin-O-deethylase）活性。某些 NPAHs
的致癌性是 PAHs 的 10 倍，致突变性是 PAHs 的 2×105 倍[34-36]。四环或四环以上
的 NPAHs 具遗传毒性[36, 37]。硝基芘类在人类癌症的病因上可能比 BaP 更为重















癌活性[38]。1,3-DNP，1,6-DNP，1,8-DNP 具有 强的致癌活性，其中 1,6-DNP，
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